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Accepted 10 December 2014A healthy 36-year-old, gravida 2, para 1, womanwas referred for
noninvasive prenatal testing (NIPT) at 17 weeks of gestation
because of an advanced maternal age. From her ﬁrst pregnancy she
give birth to a now 9-year-old healthy boy and the present preg-
nancy had been uneventful to date. NIPT revealed “extra genetic
material derived from chromosome 9” and amniocentesis was
recommended. An extra chromosome (Fig. 1A) was identiﬁed in 6
out of 38 amniocytes, and the mosaicism was later conﬁrmed in
cord blood lymphocytes, with a higher ratio (34 out of 57 cells) of
the extra chromosome. Fluorescence in situ hybridization (FISH)
showed that an extra chromosome consisting of the entire short
arm and part of the heterochromatic region of the long arm of
chromosome 9 (Fig. 1B). STR analysis indicated that the extra
isochromosome was of maternal origin. The fetus was diagnosed
with mosaic tetrasomy 9p, as the short arm of chromosome 9 was
present in four copies. Ultrasound examination at the 25th week of
gestation showed an isolated persistent left superior vena cava
(PLSVC) (Fig. 2). After interdisciplinary discussion and counselling
including neonatologists, our patient decided to terminate her
pregnancy at the 30th week of gestation. A female fetus was
delivered, weighing 1653 g, crown/heel length of 38 cm, and a head
circumference of 26 cm. PLSVCwas conﬁrmed by autopsy. Postnatal
multiple tissue samples showed a karyotype of 47,XX,þidic(9)(q12)
in 12 out of 50 skin cells, and a karyotype of 47,XX,þidic(9)(q12) in
eight out of 50 lung cells. In addition, analysis of parental peripheral
blood revealed normal karyotypes.
A supernumerary isochromosome 9p is a very rare chromo-
somal abnormality, ﬁrst reported in 1973 by Ghymers [1]. To date,
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revealed a pattern of recurring features, including ear malforma-
tions, skeletal and joint problems (especially dislocations), hypo-
plasia of nails and digits, palatal abnormalities, hypertelorism,Fig. 1. (A) Partial G-banded and C-banded karyotype of two normal chromosomes 9,
and the i psu dic(9)(pter/q12::q12/pter); (B) FISH with subtelomere probe. A
chromosome 9p speciﬁc subtelomeric probe (TelVysion 9p, green signal) (Vysis,
Downers Grove, IL, USA) demonstrate green signals on both ends of the supernu-
merary idic(9).
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Fig. 2. Prenatal ultrasound examination of the isolated persistent left superior vena cava.
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reported prenatal isochromosome 9p cases showed ultrasono-
graphic malformation. Dhandha [3] described the most common
ﬁndings, including intrauterine growth restriction (55%), ven-
triculomegaly (55%), cleft lip/palate (45%), and genitourinary or
renal anomalies (45%). DandyeWalker malformation and absent
nasal bone was also found in isochromosome 9p fetus [4,5]. PLSVC
was previously described in a few cases of tetrasomy 9p, most of
them associated with multiple congenital heart defects such as
atrial septal defect and ventricular septal defect, and few of them
survived the newborn period (data from UNIQUE: http://www.
rarechromo.org/). As far as we know, our case is the ﬁrst to
demonstrate the association between tetrasomy 9p and isolated
PLSVC.
Mosaicismwas found in 30% of known isochromosome 9p cases
[6]. Tissue limited mosaicism occurs at a higher frequency in pe-
ripheral blood or cord blood cultures, but at a lower frequency or is
even absent in chorionic villous, amniotic ﬂuid, or skin cell cultures,
as demonstrated in our case. The level of mosaicism for tetrasomy
9p is higher in uncultured amniocytes than cultured in amniocytes
[7]. There seems to be a correlation between clinical phenotype and
the degree of mosaicism, the size of the isochromosome involved
and the presence of tissue limited mosaicism. However, there are
also reports of isochromosome 9p patients with a mild or even
normal phenotype, similar ﬁndings have been reported for other
supernumerary marker chromosome cases such as isochromosome
12p or the so-called Pallister-Killian syndrome [8] and isochro-
mosome 18p [9], which made prenatal genetic counselling difﬁcult.
NIPT has facilitated the detection of fetal aneuploidies by the
sequencing of circulating cell-free DNA present in maternal plasma,
with high sensitivity and speciﬁcity. Recent advances in the ﬁeld
expanded its capacity to detect subchromosomal fetal genomic
anomalies. Our data show that regions smaller than a single chro-
mosome, in this case a duplication of 9p, with more than 100 Mb of
duplicated chromosome segment in 60% of the cord blood lym-
phocytes, can also be detected reliably in maternal plasma. To the
best of our knowledge, this is the ﬁrst tetrasomy 9p case detected
by NIPT and conﬁrmed by amniocentesis. Recently Rabinowitz [10]
detected a statistically signiﬁcant loss of representation of a portion
of chromosome 22q11.2 in maternal plasma samples obtained from
two patients with conﬁrmed 22q11.2 deletion syndrome. A newexpanded noninvasive prenatal testing panel is now available
which includes ﬁve microdeletion syndromes (22q11 deletion
syndrome, cri-du-chat syndrome, Prader Willi or Angelman syn-
drome, 1p36 deletion syndrome) and two aneuploidies (trisomy 16
and trisomy 22) usually associatedwith nonviable pregnancies [11].
As the technology for NIPT is further evaluated and updated, this
test is likely to be increasingly used for prenatal screening of sub-
chromosomal genomic anomalies.Conﬂicts of interest
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